Abstract. In this paper, is to permit the system reliability analysts/managers/engineers/ practitioners to conduct RAM analysis of the system which may help them to model, analyze and predict the behavior of industrial systems in a more realistic and consistent manner. Markovian approach is used to model the system behavior. For carrying out study, Root Cause Analysis (RCA) of the subsystems is carried out and transition diagrams for various subsystems are drawn and differential equations associated with them are formulated. After obtaining the steady state solution the corresponding values of reliability and maintainability are estimated at different mission times. With RAM analysis of the system key performance metrics such as Mean Time between Failure (MTBF), Mean time to Repair Time (MTTR) and System availability values are ascertained.
Introduction
Based on the RAM analysis, possible maintenance strategies can be investigated which might help the plant personnel to improve the system effectiveness. Without exercising much effort in developing complex system models, the proposed method for analyzing system performance may prove helpful to the reliability analysts/ engineers/practitioners to model analyze and predict the behavior of system more efficiently and resolve the RAM requirements of the system in unison.The simultaneous adoption of both qualitative (RCA) and quantitative (Markov approach) approach to analyze and obtain RAM indices for measuring the system performance helps the maintenance engineers to improve RAM aspects after understanding the failure behavior of component(s) in thesystemVarious innovative techniques and management practices such as, Total productive maintenance (TPM) (JIT) etc. are being used as drivers by the business houses to promote their products and processes [1] [2] [3] . But there is no doubt that the success of these innovative programs mainly depends upon the reliable operation of production systems.
, Total quality management (TQM), Business process reengineering (BPR), Material requisite planning (MRP), Supply Chain Management (SCM) and Just in Time
A company cannot achieve success if its systems are unavailable and unreliable. Increasingly, companies are viewing reliability and maintainability issues as part of the corporate quest to improve quality by imbibing lean manufacturing, just in time, sixsigma mantras to achieve customer satisfaction and remain competitive [2, 4] . The management is highly concerned with reliable operation of production systems. To this effect the knowledge of behavior of system, their component(s) is customary in order to plan and adapt suitable maintenance strategies. For the last 04 decades reliability analysis has been established as a useful tool for risk analysis, production availability studies and design of systems [6] [7] [8] [9] . Reliability techniques have been applied in three main areas in process industry(i) production availability studies in conceptual design (RAM analysis) (ii) safety (risk analysis) (iii) maintenance (criticality analysis, lifecyclecost) [10] . Much effort has been made to compile and analyze reliability data for generic use. For instance, Cochran et al. [7] presented a practical case study of reactor regenerator system in Fluid Catalytic Cracking Unit of a petroleum refinery using generic Markov models to estimate system availability. Libero Poulos and Tsarouhas [8] presented a statistical analysis of failure data of an automated pizza production line.
The analysis includes identification of failures, computation of statistics of the failure data, and parameters of the theoretical distributions that best fit the data, and investigation of the existence of autocorrelations and cross correlations in the failure data. The analysis is meant to guide food product machinery manufacturers to improve the design and operation of the production lines. Dai and Jia [11] collected failure data of vertical machining center, analyzed it and based on the analysis provided ways to improve the reliability of machining centre. Schoenig et al., [12] presented an aggregation method using markov graphs for the reliability analysis of hybrid systems. The method allows the designers to have an exact representation and better overview of the system states. Gupta et al., [13] analyzed reliability and availability of serial processes of plasticpipe manufacturing plant. In the study they computed reliability, availability, and mean time before failure of the process of a plastic-pipe manufacturing plant consisting of a (K, N) system for various choices of failure and repair rates of sub-systems by setting up Chapman-Kolmogorov differential equations. Pair et al., [14] conducted reliability improvement study of electronics standby display system of modern aircraft. Through this analysis they made an attempt to improve the reliability of an electronic stand by display system (ESDS) used in the cockpit.
Saraswat and Yadava [15] in their paper emphasized on reliability, availability, maintainability and supportability (RAMS) aspects for improving performance of engineering systems.The paper presents an illustrative case from an industry engaged in garment manufacturing. In the first phase, qualitative analysis of dyeing unit is carried out by using RCA. In the second phase, RAM analysis is carried out to obtain RAM indices for assessing system performance. The dyeing unit is considered as a system consisting of six subsystems connected in series. With RAM analysis of the system key performance metrics such as Mean Time between Failure (MTBF), Mean time to Repair (MTTR) and System Availability (A sys ) are ascertained. The information obtained from the analysis helps the management in assessing of the reliability, availability and maintainability needs of system. Based upon Markov modeling, all the system units are modeled to obtain RAM indices for measuring the system performance so that a companywide maintenance planning system could be made for effective maintenance and operation of system.
System description and assumptions
Study is undertaken for garment manufacturing company with a present annual turnover of500 crores. The company considered in the study currently manufactures readymade garments for kids, women and men, in addition to yarn for other manufacturers. Its product range includes thermal wear, T-shirts, trousers, track suits, pullovers, shorts, casuals andjackets. These products are manufactured from raw material like cotton, fiber. First the thread is manufactured in the spinning mill & then dyeing is done in the Dyeing unit and after that garments are manufactured in the next unit. At present the company has a capacity of 90000 spindles, dyeing capacity of 14 tones and yarn making capacity of 92 tons per day. Company is embarking upon a major expansion plan enhancing its spindle & dyeing capacities and setting up a 15 MW power generation plant. Figure 1 shows system configuration with variousunits. Figure 1 : System units. The raw material for this system is thread which passes through the following six stages: Stage 1. Rolling of thread on spring The raw product for the plant is thread, which is mounted on the paper cones. These threads from the cones are mounted on the stainless-steel springs also called 'soft packages' with the help of press corner machine. This is done so that when dyeing is done then these springs would be able to withstand high temperature andpressure.
Stage 2.
Loading of spring on carrier Springs (Soft packages) are then loaded on the individual spindle of the carrier of Dyeing machine and these packages are pressed to make uniform column to get even dyeing Then, this carrier is carried to the Dyeing container through a conveying system which is remote operated.
Stage 3. Dyeing of threads
After placing the carrier inside the dyeing machine, it is closed and dye is inserted in the machine by the injector pump. A suitable temperature and pressure ranges are maintained and main pump is started. Then the dyeing process takes place. First the dye is diffused in the thread from inside the soft packages and after some time it is diffused from outside to inside for uniform dyeing.
Stage 4. Drying of spring
The dyed yarn soft packages are put in Hydro Extractor which removes moisture by the centrifugal process, but still some moisture is left in the threads. So, these threads are dried in the Radio FrequencyDryer.
Stage 5. Radio frequency drying Moisture content of the yarn after passing through Hydro Extractor is about 54 -58% and such packages are then passed through RF Dryer to remove the balance moisture of the package. The resultant moisture after passing through RF Dryer is about 6-7%. Drying is done with the help of microwaves.
Stage 6. Rolling of threads on paper cones As the thread is dry now so springs are put again on the press corner machine and then thread is mounted again on the paper cones. Finally, each individual cone is checked for any quality defects by visual inspection under light and then it is packed for final shipment. operating andnon-operating. The study described in the paper is for the steady state period i.e. during which the failure rate of the system can be considered as constant (as shown in Figure 2 by the Bath-tub curve). 
Assumptions

System analysis
Before conducting quantitative analysis to determine the RAM indices, qualitative analysis of the system is carried out using Root Cause Analysis. Figure 3 shows RCA diagram for conveying sub-system. Similarly, RCA is carried out for other subsystems i.e. Dyeing Machine, Spin Dryer, Radio Frequency Dryer and Press Corner-II. Figure 5 ) the equations derived are as follows: P p* µ p = P 0* λ p P q* µ q= P 0* λ q P r* µ r = P 0* λ c P s* µ s = P 0* λ s Since the sum of the probabilities will be unity, then P p + P q + P r + P s + P 0 = 1 Solving for P 0 ; P 0 = 1/(1+∑λ i /µ i ) Substituting the values of λ i and µ i , the steady state availability of the Conveying System P 0 = 0.999932 Reliability of the Conveying System R = e -(∑λ*t 
Results
The reliability and maintainability results for all the sub-systems are calculated at different mission times (i.e. t =0, 100, 200,…,1200 hrs.). Table IV (a) and (b) presents systems reliability and maintainability values. The graphical results are shown in Figure 6 (a) and (b) respectively. 
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Discussion
From Figure 7 it is observed that probability of system non and for subsystems the corresponding values of reliability at mission time t = are, R ss1 =0.68, R ss2 =0.8 corresponding subsystems the maintainability values are M =0.58; M ss4 =0.86M ss5 =0. are found to be low, therefore the performance of SS careful observation. Hence, it is concluded that a preventive maintenance and repair action for the above subsystem should be strengthened to improve the overall system reliability. Reliability and Maintainability curves indica Dyeing Machine & Radio Frequency Dryer attention for higher performance of Dyeing Unit as a whole. Figure 7 it is observed that probability of system non-failure for 500 hrs is and for subsystems the corresponding values of reliability at mission time t = =0.84, R ss3 =0.59, R ss4 =0.88, R ss5 =0.75 and R ss6 =0.7 subsystems the maintainability values are M ss1 =0.95, M ss2 =0.95 M ss6 =0.87 respectively. As the reliability values for unit 3 , therefore the performance of SS 3 needs special attention and careful observation. Hence, it is concluded that a preventive maintenance and repair action for the above subsystem should be strengthened to improve the overall system reliability. Reliability and Maintainability curves indicates that the performance of needs special attention and careful observation. Hence, it is concluded that a preventive maintenance and repair action for the above subsystem should be strengthened to improve the overall system tes that the performance of to observed carefully & need special attention for higher performance of Dyeing Unit as a whole. The maintainability of and SS 4 which calls for adopting new maintenance strategies. The availability indices for different ), 0.9998872(SS 4 ), can be prepared which might help the maintenance managers to improve the system effectiveness by adopting suitable preventive maintenance actions. FMEA analysis of the system can be carried out by listing all possible failure modes with reference to different sub-systems.
